The ozone degradation of 3-aminophenol (MAP) in aqueous solution by magnetic stirring was investigated in laboratory-scale experiment. The effects of pH value, the initial concentration of MAP, ozone dosage, reaction temperature and common inorganic anions or cations were studied. The chemical oxygen demand (COD) level reduce about 40% in 30 minutes. The relation between the degradation of MAP and COD by ozone is also presented.
INTRODUCTION
Comparing to municipal wastewater, industrial effluents are difficult to treat using traditional biological systems because of the higher organic load, color, and pH which fluctuatein their compositions [1] . Ozone with a standard reduction potential (Eθ) of 2.07 V (SHE) can transform organic compounds such asaromatic rings and C=C bonds into oxygenated intermediates which are more soluble and more biodegradable than parent compounds, so ozonation usually employed in water and wastewater pretreatment results in the formation of various organic and inorganic by-products [2] [3] . Generally, the ultimate treatment efficiency of ozone degradation for organic pollutants largely depends on the ozone concentrations and the non-selective OH-radical produced during the decay of ozone. Recent studies have shown that ozone can be used in effective organic degradation than UV or UV/H2O2from wastewaters [4] [5] [6] .
Nowadays, removal of various organic pollutants such as phenol and phenol derivatives from industrial effluents has become a critical issue due to strict environmental regulations. MAP is an important chemical material, commonly used in the dye, pharmaceutical, and biological industries as an intermediate in the production of dyes and pharmaceuticals. Some technologies have been studied for the degradation of MAP dyes in wastewater including fenton process and adsorption [7] . While, to this day, there is no known feasible and effective method for removing MAP from such effluents. Thus, in this work, Ozone technology is needed for removing MAP from the wastewater before it is discharged into the environment.
MATERIALS AND METHODS

Chemicals
All reagents used in this work were of analytic grade. MAP from Fluka was analytical reagent grade. Other chemicals were purchased from Xi'an Chemical Reagent Factory. A CF-G-2-10 O3 generator (Qingdao Guolin Ozone Equipment Co., Ltd, Qingdao, China) was used to produce O3.
Analytical Techniques
Ozone concentration was quantified using the indigo method. The chemical oxygen demand (COD) was analyzed using premixed digestion solution containing K2Cr2O7 as an oxidationagent along with other premade reagents. The pHvalue was measured on a PHS-4CT pH meter. There maining concentration of the MAP in the reactionmixture was obtained by measuring absorbance at maximum wavelength (λmax = 270 nm) using spectrophotometer.
Ozone Based Processes Procedure
Ozonation experiments were performed at lab scale in a semi-continuous reactor. In all experiments, initially the reactor is filled with 250 mL pharmaceutical solution with desired concentration of MAP, then, agaseous ozone stream, produced by an ozone generatorusing pure O2 as the feed gas, is continuously injected into reactor using a sinter glass sparger. Also, the reaction mixture is stirred completely using a magnetic stirrer during the reaction time. The residual ozone in the output gas stream from reactor is eliminated catalytically by KI solution.
The Removal effciency increased with the increase of temperature, the probable cause is that both mass transfer of different species and internal energy of reactive substances would increase with a temperature increase, which would be favorable for the elevation of the removal effciency. However, when the temperature reach 35 0 C, removal effciency gradually decreased, because O 3 would decompose quickly and escape from the reaction system at a high temperature, which was similar with that of the O 3 system. So, the optimal temperature was 25 0 C. 
Effect of O 3 Dosage
In order to study the effect of O 3 dose, different O 3 dosages were used under the following conditions: 25 0 C, pH 6 and 100 mg/L. As shown in Figure 2 , the optimal O 3 dosage is 50 L/h, and at this dosage, removal effciency is up to approximately 96.06%, however, the effect of the other big dose is inferior to that of 50 L/h which is different from the reported literature. The key cause is probably that at a certain temperature the solubility of O 3 is definite under magnetic stirring and the other big dose will accelerate the escape of O 3 which will hamper the ozone reactive process.
Effect of Initial pH Value
The initial pH value of MAP wastewaters is an important parameter affecting the treatment process. so, in this paper, for attaining the relationship between removal effciency and pH values, the initial pH values of MAP solution were varied from 2 to 13 by NaOH or H 2 SO 4 solution under the conditions of 50 L/h O 3 , 25 0 C and 100 mg/L MAP. As shown in Figure 3 , the direct attack on organic pollutants by molecular ozone (commonly known as ozonolysis) occurs under acidic condition.
At a high pH value, nonselective hydroxyl radicals will produce by ozone decomposition under alkalin condition according to the reported literature, which in turn oxidizes the organic pollutants. Therefore, the pH of aqueous solution is an important factor that determines the efficiency of ozonation since it can alter the degradation pathways as well as kinetics. When pH=2.35 and T=10 min (Figure 4 inset), removal effciency of MAP is highest and reach 94.61 % which is favorable for ozonation process. While, removal effciency decrease with the increase of the initial pH, and when pH=6.42 and T=10 min, removal effciency of MAP is lowest and reach 31.36 %. With the further improvement of the pH value, removal effciency of MAP increase again, and the initial pH had obvious effect on the removal effciency of MAP treated by O3. 
Effect of The Initial MAP Concentration
It is essential from practical point of view to study how the initial MAP concentration affects removal efficiency of MAP. Therefore the effect of initial MAP (with concentration of 50-150 mg/L) on removal effciency was investigated. Figure 5 . Effect of anion. Figure 6 . Effect of cation.
Effect of Salts
The effect of salts which are frequently present in industrial wastewater was evaluated for the mineralization efficiency of MAP with O 3 . There are number of studies on ozone treatment of wastewater, which were carried out in the presence of additives [8] [9] [10] . So, three types of salt (sodium chloride, sodium fluoride, sodium nitrate)/(sodium sulphate, calcium sulfate, magnesium sulphate) were used for investigating the effect of anion / cation on removal efficiency.
From Figure 5 and 6, it can be seen that all salts can disrupt the ozone process and make a negative effect. The negative effects on the MPA degradation might be due to these anions may react with OH to produce less active oxidants such as Cl 2- (oxidation potential 1.36 V) and SO 4 2-(oxidation potential 2.60 V), which is the same to that of reference. Previous literatures have confirmed that the molecular structure of the target organic compounds could not always totally mineralize those substances [11] [12] [13] . So, COD was also analyzed during MAP degradation in this paper. Results of Fig.7 conclude that the mineralization of MAP was low during oxidation although removal effciency was 94.78% in 30 minutes, while, the removal rates of COD were relatively small compared to the removal effciency of MAP, which meant that MAP transformed into general and possibly less harmful organic constituent which would be a residual COD. Ozone could reduce about 40% of COD in 30 minute.
COD Removal of MAP in O 3 Under Optimum Condition
According to the literature, it is the fact that the ozonation can produce small organic molecular compounds, such as acetic acids, epoxides, aldehydes, ketones, etc., which are apparently resistant to ozone attack so preventing themselves from complete mineralization [14] . The above discuss shows that MAP itself was more vulnerable to ozone treatment than general organic contaminants which were represented as COD.
CONCLUSIONS
The aim of this work showed that the initial pH value, MAP concentration, salts and temperature were important factors which can control the removal efficiency of MAP. In acidic conditions, the molecular ozone was the main oxidant in ozonation process. MAP was not completely mineralized during advanced oxidation and transformed into general and less harmful organics like COD. All salts (sodium chloride, sodium fluoride, sodium nitrate)/(sodium sulphate, calcium sulfate, magnesium sulphate) can disrupt the ozone process and make a negative effect.
